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IHFROVEMBHTS IK OR RELATING TO RECTI FX BR CIRCUITS 



Background of the invention 

This invention nlttu to rectifier circuit*. 
5 In the art of eeaiconductor electronlee, vary 

larga scale Integrated (VLSI) circuit* typically require 
power aourcaa of relatively saall poeltlv* d.c. voltage*, 
In tha past typically about «* volts. Aa the Integrated 
circuit art prograsaaa, even mallar d.c. vol tag aa ara 

10 bacoalng typical. In aany situations, however, tha only 
conveniently aval labia power aourcaa are *.c. vol tag a 
aourcaa, typically having aore than 3 volt peaks. For uaa 
by an Integrated circuit requiring • P°»" "PPlY ot 5 
volt* d.c, tha a.c. voltage can ba atappad down by a 

15 convantional transforaer to about 3 volt* paak a.c, and 
this 5 volt paak a.c. voltaga must than ba convartad to S 
volta d.c. To thia end, a aamlconductor ractlflar circuit 
can ba u*ad, typically a paak datactor dioda arrangeaent-- 
that la, a pa junction dioda feeding a capaeltlve load. 

20 One baalc problea in auch an arrangaaant ariaaa froa tha 
forward junction dioda voltaga drop (about 0.7 volt or aor* 
in ail icon) ancountarad In *uch a convantional peak 
datactor dioda arrangaaant. Thue, for an input a.c. 
voltaga of paak B • 3,0 volta, tha output voltaga la laaa 

23 than about 4.3 volta, that i», in tha ranga of about 0.7 ; 
volt to 1 .0 volt or aore below B for aaaiconductor 
junction* in silicon. A* a conaaquanca, undaalrably larga 
powar lossaa raault. 
Zvr-mry of tha Invantlon 

30 According to thia invantion * ractlflar circuit 

includa* a power tranalator device having a firat high 
currant carrying taralnal serving aa a ractlflar circuit 
output taralnal, a second high currant carrying taralnal 
aarving a ractlflar Input taralnal, and a control 
35 taralnal for turning tha translator device on and off, and 
a coaparator having flrat and second input teralnala 
connected to the rectifier circuit input and output 
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terminals respectively for supplying a. control signal to ^ 
the control terminal of the power transistor device to to 
the device on when the voltage at the circuit input 
terminal exceed* the voltage at the circuit output termii 
less a prescribed amount. 
Description of the Drawings 

FIO. 1 is a schematic circuit diagram of a priori 
art rectifier circuit arrangement} 

FIO. 2 is a schematic circuit diagram of a 
rectifier circuit arrangement embodying the invention! and"; 

FIO. 3 is a schematic circuit diagram of a 
rectifier circuit arrangement embodying the invention. 
Detailed Description ™A 

k prior art approach, as illustrated in PIQ* 1, 
taught in • Improving power Supply gfflelency with ROSFBT 
Synchronous Rectifiers,* by U.S. Began et al, Proceedings^ 
of Powercon 9, Wlnth International Sol id-State Power 
Electronics Conference (July 1902), Session D, Paper ^-4, - 
pp. 1-5, at p. 4, Sections 6.1-S.3. Briefly, a fuil-vavof 
rectifier circuit arrangement J£ includes a pair of power^ 
NOSPSTs (Metal Oxide Semiconductor Field Effect Transistor 



If 



101 and 102 » each hereinafter called s "power m B . 
Secondary transformer windings 111 and 121 » energised by 
primary transformer winding 11, deliver e*c. Input to the* 
power F8Ts« Bach power FIT is Inherently connected in 
parallel with its Inherent unidirectional current 
inhibiting diode characteristic (indicated by dotted lines 
in FIG* 1)« and each such power FBT is connected in s 
conventional diode peak rectifier arrangement with respect* 
to the input supplied to secondary transformer windings 11 
and 121 9 respectively, and feeds output power to a 
resistive load (not shown) connected in parallel with a 
capacitlve load To reduce the forward diode voltage 
drop, each power FBT is turned on periodically by means of 
a sample (feed* forward) of the a.c. input delivered to 
gate terminal of the FBT. Hore specifically, the gate 
electrode of each power FBT is fed input by an auxiliary ^ 



WOtS/01161 



FCT/US84/01322 



- 3 - 

i.e. voltage developed by auxiliary eecondary traneforaer 
windings 112 and 122* reepectively. Thereby oni o£ the 
power FBTs (101) it turned on , and U maintained on, only 
in a tUe-neighborhood of the peak of the a.c. input eye la, 
S i.e.* only whan tha a.c input la at or naar ita peak 

(uiUui) valuer and tha othar of the power FBTa (102) la 
turnad on* and ia maintained on, only in tha neighborSbbd 
of aaeh trough (alnisua) of tha a.c. cycle. In this way, - - 
tha output voltage developed aeroas an output 

10 load having a capecitive loading Cj, daairably doaa not 
auffar froai a full forward dioda voltage drop. However* 
tha gate-to-eource voltage of tha power FBT thus varlee aa 
(Sj^leiaUtft)* where B, and ara tha paak 
voltages, reepectively* delivered by tha auxiliary 

15 transformer windings to tha gata and sourcs of tha power 
FBT, whara f is tha frequency of tha a.c. input, and t is 
tha time. Therefore* aaeh turning on (and temporary 
remaining on) of tha power FBT at and naar tha paak of aaeh 
a.c. cycla, when sin(2*ft) approachaa ita maximum value of 

20 unity* ia not a suddan process, but la eharaetarlsad by tha 
relatively smooth and long transition charactarlatlc of 
(8 1 -B 2 )ain(2»ft) whan aln(2tft) is approximately aqual 
to Accordingly, undsairably larga amounte of anargy 
are~loat in tha powar FIT during aaeh a.c. cycla bacauaa of 

25 relatively larga currants flowing tharathrough (during tba 
alow transitions) during tins intervale whan aln(2vft) la 
vsry naarly aqual to ±) * l.a., intervale whan tha voltaga 
drop across tha FBT ia not nagllgibla. 

in anothar approach* taught by 8. tfaaben, in a 

30 papar ant it ltd "FBT Switching Devicea for Powering of 

Telecommunications Circuits** published in Frocoodlnqe of 
Intalac 01* pp. 250-232, Third Xntarnatlonal 
Telecommun lea t ions Energy Conference (May 1981)* a 
photoemitter (light-emitting diode) controlled the on-off 

35 condition of a photodetector which, in turn, controlled the 
on-off condition of a "power FBT" arranged in a 
conventional peak rectifier arrangement, i.e.* an 
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arrangement of the power FBT (with its inherent 
unidirectional current inhibiting diode- cbaracterietic)--^ 
feeding a capaeltlve output load. Specifically, the timl/ 
of the on-off condition of the photocmltter vas arranged-* 
control the timing of the power FR in a Manor similar ~t* 

the timing diecueeed above in connection with. HQ. 1* ± 

Rectifier operation resulted in which voltage and power 
losses— otherwise caused by semiconductor" diode junction, 
forward voltage drops and by slow on-off transitions of 
power FET— could be reduced substantially. However, the ^ 
use of the optical control technology (photoealtters andi 
pho tod e tec tors) means that the circuit was a three-termi 
device including ground (one optical terminal and two 
electronic terminals) and entails obvious disadvantages iS 
complexity and cost* a j£ 
FXQ. 2 shows a rectifier circuit arrangement £2$: 
(half-wave portion) in accordance with this invention fot= 
delivering d.c. power to an output circuit terminal 232, 
including a transistor device 201. this .transistor. devl 
201 has one of its high current carrying terminals 222 i| 
connected to the rectifier circuit input ttrminal 231 and! 
another of ita high current carrying terminals 223 
connected to the rectifier circuit output terminal 232. 
a.c. input voltage ^HP^-MiM****) !• supplied at • ■ j| 
the circuit input terminal 231 by secondary transformer ^* 
windings 111. The transistor 201 is advantageously a powe 
transistor, that is, capable of handling power levels of * 
the order of the power delivered to the circuit output " 
terminal 232. This transistor 201 typically is a power 
having an Inherent unidirectional current Inhibiting diode 
characteristic Indicated by the dotted line therein. A 
first unidirectional current inhibiting semiconductor 
junction diode D 1 can be added in parallel with the 
transistor 201 in case this translator lacks sufficient 
forward current handling capacity when it is off. A firs 
capacitor C t is connected between the first diode D 1 
and ground but it should be understood that this first. _^ 
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capacitor C 1 can be omitted if the output 

capacitanca ^ (abown la dotted llaea) of the output, load 

circuit (not shown) U eufflcient to amooth out tha voltage 

at tha output terminal 232. Tbue, tha first dlode_ Dj, in 

S combination with tha firat capacitor C 1 (and/or tha 
output capacitanca C t ), forme a conditional peak ■ ~ - 
detector and even in tha abaanca of tha tr ana it tor 201 
would supply a d.c. voltage at tha circuit output terminal 
232t however, aucb a d.c. voltage aa auppliad by tha paak 

10 datactor la laaa than tha paak 8 of tha a. c. input by an 
undaalrably large amount, that ia, by tha amount of tba 
forward junction drop in tha dloda D t . To raduca thia 
undaalrably large amount, tha tranaiator device 201 la 
addad together with control circuitry for controlling tha 

IS voltage at tba control terminal 221 thereof. 

Tha on-off condition of tha tranaiator 201 ia 
controlled by output from tba comparator 203 developed at 
tha comparator 'a output tarmlnal 215 and da 1 War ad to tha 
control terminal 221 of tha tranaiator 201 . Tha comparator 

20 203 haa a poaitive input tarmlnal 211 connected to tha 
circuit input terminal 231 and a negative input terminal 
212 connected to the circuit output terminal 232. The 
negative Input terminal 212 la connected to a voltage level 
ahlfter 204 which down-shifts the voltage level of the 

25 negative input terminal 212 by a preacribed amount a for 
compariaon with the voltage level of the poaitive terminal 
211. That ia, the output of the comparator 203 at tha 
comparator output tarmlnal la relatively high when and only 
whan the voltage at tba poaitive input terminal 211 plua 

30 the preacribed amount 9 axceeda the voltage ^0799? mt 
tha negative input terminal 212. Thua, tha output of the 
comparator eblfte from low to high whan Baln(2vft) goea 
higher than (^OUTPUT*** ' °* Min < 2wft >*° axceeda 
*^U WUI * A •* con * junction diode and a eecond 

35 eapaeltor <C 2 ) are connected in aeriea acroaa the circuit 
input and output terminals 231 and 232, respectively. 
Power for tha comparator 203 ia auppliad at the 
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comparator's power supply terminal 214 from a terainal_2uJ 

located between the eecond junction diode Dj and the i^J 

aacond capacitor C 2 « — Ju 

Zt should ba noted that tfaa diodaa 0 1 and Dj ^ 
S together with tba capacitors C 1 and Cj fora a voltage" 

aultipller (doublar) laddar arranga»antt " tba voltaga - a£*^| 
the multiplier 9 a output tarainal 233 , and banca at tba 
comparator* • povar aupply tarainal 214, relative to " 
ground* is aqual to 2B ♦ Bsin(2vft) laaa tba sub of the_ t\ 
10 forward dloda vol tags dropa across D 1 and D^, and hence, ^ I 
ralatlva to tba circuit input tanlnal 231 $ is «<r**l to_2lJ 
laaa tba sua of tba forward dloda voltage dropa acroas 0|;* 
and Dj. 

Ouring o par at ion, tba unldiractlonal dloda 

15. cbaractarlatlc (if any) lnbarant in tba transistor dev lcof | 
201 plus tba unldiractlonal dloda cbaractarlatlc of tba * ~ 
f irat dloda o 1 , in combination with c 1 ♦ la a . -^-==| 
dloda peas detector arrangement, bring tba output voltaga -I 
E OUTWT 4t clrcult output tarainal 232 to a at aady ' ' \ 

20 d.c* voltaga of B lass a forward dloda junction voltaga w 
drop (provided that C t ♦ is sufficient), typically ---^^ 
5.0 volts laaa 0.7 volt or aora, i.e., typically 4.3 volta 1 
or lass. Whan tba voltaga of • Bain(2vft) " 

exceeds ^Qiypo^ -« ♦ tbs transistor davlca 201 turns --] 

25 on and brings tba output voltaga *b0 WOT to 

substantially B-s. Hence, tba transistor 201 turns on whan 
Bsin(2vft) ascaada B-2s. For exaaple, if 8 » 5.0 volt a and 
a • 0.1 volt, than « 00TP0T • 4.9 volta inataad of tba ' ~ ? 
4.3 volta or lass rasulting frca tba dloda paak detecting* 

30 arrangaaant alona. By adjuating c, tba output can ba ~ T 
correspondingly ad jus tad. Bowever, tba valua of a la \ 
aalactad to ba not too saall, last tba tiaa duration of thJ 
on condition of tba powar FBT be too aaall for delivering - 
sufficient charge to the output tarainal, and not too :.| 

35 large* leaf the output voltage be undesirably too aucb f 
lower than B. I 
Fig. 3 shows s specific aabodlaent of the * : 
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invention, psrticulsrly as to ths dstsils of * specific 
coapsrstor. As shown In PXG. 3. * rectifier circuit 
arrangeaent 300 (half -wave portion) having s circuit input 
terainal 331 snd s circuit output terainal 332# coapriacs s 
3 povsr FtT 301 (T^ ) with its sourcs tsrainsl 322 oo nasct ed 
to ths circuit input terainal 331* its drain terainal 323 
connsctsd to ths circuit output tsrminal 332 * snd its gats 
terainal 321 connsctsd to an output tsrainsl 315 of a . 
comparator 303. Ths powsr FBT Tl has a thrsshoid of about 

10 2.5 volts and inhsrsntly hss a unidlrsctional currant 

inhibiting diods chsractsristic (indlcatsd by dottsd linss) 
which shunts ths sourcs tsrainsl 322 to ths drain tsrainsl 
323 of ths powsr TVt (T t ). 

Ths purposs of ths coaparator 303 is to dslivsr 

15 fssdback to ths gats of ths powsr PR to control iteon-of f 
condition suitsbly, ■* »ors fully described bslow. Ths 
coaparator 303 has a povsr supply tsrainsl for rscsivlng 
povsr freB an output tsrainsl 333 of s voltsgs doublsr 
srrsngsaant. Ths voltsgs doublsr ooaprises a pair of , 

20 capacitors C t snd C 2 connsctsd in s lsddsr 

configuration to a pair of unidlrsctional currant 
inhibiting dlodaa D 1 and Oj. 

Ths coaparator 303 includes a switching transistor 
T 2 , local transistors T 3 and T 4 , and rasistors ft, 

25 and • Ths switching transistor T 2 ia snhsncsasnt 

aods with s rslatlvsly sharp thrsshoid of about 2*5 volts r 
and ths transistor* T 3 snd T 4 , connsctsd as losd 
dsvicss (gats shortad to sourcs)* ara depletion aods with 
sourcs*draln currants in ths saturation rsgion (drain- 

30 sourcs voltsgs abovs about 3 volts) of shout 3 aillisaps 
for ssro gats voltagss. 

Ths eapacltancs of Q y csn bs supplied by ths 
output losd capacitance ^ ltsslf or by an added 
capacitor slsasnt such that ths sua of C t snd ia 

35 equsl to ths gsts capacitance of ths powsr FBT aultipllsd 
by a factor of about 5 or aors for advantageous 
psrforasncs. Ths cspscltancs of C 3 is advantageously 
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supplied by an addad capacitor alaaant having a capacltanca 
of at laaat 5 tlaaa that of tha gata eapacltanoa of tha 
povar FBT. Tha dloda D, la in parallal with tht inharant": 
dloda charactariatlc (dot tad lit*) of tto povar fit. Thuli 
5 tha dloda D, ia not nacaaaarily praaant In tha circuit 
300 %m a aaparata alaaant but ia ordinarily auppliad by th~ 
inharant dloda charactariatlc of tha povar PIT. Bovavar, 
in caaa a povar translator lacking auch a dloda 
charactariatlc ia usad inataad of tha povar FIT* than an 

10 addad dloda alanant D 1 ia advantagaoualy to ba addad aa a 
aaparata alanant. 

It ahould ba aotad that tha circuit output 
tanlnal la fad currant both by tha Inharant dloda of tha 
povar PR and tha aoarca-drain path povar FBT ltaalf if 

IS vhan it la on, aa vail aa by tha dloda D t . Thua, tha 
voltaga IqoTPUT at clrcult out P ut tarminal 332 la 
Mlntainad not only by tha povar FBT but alao by tha diodal 

D,. 

Ourlng oparatlon, aa nora fully, axplalnad balov, 

20 tha tranaiator Tj ia off vhan and only vhan tha 

inatantanaoua valua of tha a.c. voltaga at tha circuit 

input tanlnal 331 la at or naar ita paaX, that ia, vhan 

n * • saln(2*ft) la aqual to or in ascaaa of 

INPUT _ 
k ^<t m and tha twitching tranaiator T 2 ia 

25 otharviaa on. Thua, vhanavar tha inatantanaoua valua of 
tha a.c. input voltaga Baln(2*ft) at tha circuit input 
tanlnal 331 la at or naar ita peak valua and hanca T 2 la 
off, than tha voltaga of tha gata alactroda tanlnal 321 o 
tha povar FBT ia drivan by tranaiator load T 3 (acting as 

30 a currant aourca) to tha voltaga of tanlnal 33?, i.a., to^ 
tha voltaga 2B plua tha voltaga at circuit input tanlnal ~* 
331 laaa tha ralativaly avail voltaga drop acroaa o 2 and _ 
accordingly tha povar FBT la than strongly on, alnca its 
gata voltaga than axcaada ita aourca voltaga by alaoat 2B# 

35 i.e., alaoat about 10 volta (such nott than tha thraahold 
of tha povar FBT) • On tha othar hand, vhanavar tha a.c, 
input voltaga la not at or naar ita paak valua, tha 
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switching transistor is. on, as sxplsinsd 
fully bslov, and hsncs ths fats volts?* of ths povsr FIT is 
thsn dsapsd by T 2 to a valus bslov thrsshold of ths 
povsr PR, wrs spscifically, ssssntlslly to ths voltags st 
5 ths circuit input tsnlnsl 331 snd hsncs to ths voltags st 
ths sourcs tsnlnsl 322 of ths povsr PR 301. Thus ths 
povsr PET is off vhsn ths s.c. input voltags is not st or 
nsar its pssk. Sy "asssntially* hsrs is *aant axcludlng 
ths rslstlvsly small voltags drop across ths rsslstor 

10 squal to ths currsnt through ths load T 3 multlpllsd by 
For a rssistsncs of ^ •9 U *1 to typically about 
200 ohas or lass, this vol tags drop across Kg is thus 
squal to about 0.6 volt or lass, snd this noovanlahlng 
rssistsncs rsducss ths voltags sscursion of ths fats of ths 

15 povsr PR during sach a.c. cycls and hsncs rsducss ths 
povsr loss in ths gats circuit of ths povsr PIT* If such 
povsr loss is unimportant; Eg can bs aads squal to ssro. 
In any svsnt,. ths drop across Kg should bs mall snough 
to kssp ths povsr PIT off vhsn T 2 it on, 

20 During opsration* ths switching transistor Tj 

turns off (snd hsncs ths povsr PET T f turns on) st s tias 
t 1 vhsn ths voltsgs at ths gats of T ? (snd hsncs ths 
vol tag* st tsnlnsl 316 of rsslstor &,) sttalns a valus 
which is squal to ths in»u.ntantou* a c input vol tags, 

25 BxvPOT " B * in{2 * ft 1 ) P lut * thrsshold voltags v T 

of T 2 , i.s«, vhsn ths voltags st tsninsl 31i sttalns 
lsla(2vft 1 ) ♦ V T . On ths othsr hand, ths volt sgs st 
tsninsl 31C Is squsl to twrpm ♦ iR i' A 
ths currsnt suppllsd by ths load T 4 . Sines ths output 

30 voltsgs BgQfpox itsslf is squsl to B-o, it follows 

that ths switching transistor T 2 turns off st a tins t 1 
vhsn Esin(2»ft 1 ) ♦ V ? - B - o ♦ Ul } , i.s., st a tiss 
t| vhsnt 

35 8sln(2tft 1 ) - 8 - « ♦ 1R, - V T (1) 



Llksviss, as ths a.c. input voltags subssqusntly 
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dicrmu froa its peaJt 8, the switching transistor T 2 
turns oo it i tiM tj when the a.c. input voltes falls 4j 
(froa ths paak) to this aaae value of *hpox' at ^) 

a subsequent tlao t 2 when eln(2*ft 2 ) • sln(2*ft|)« 
5 Accordingly, 1 0 owot wln substantially equal to _z 
8-e provided ths eapaeitanes Cj, ♦ C t is suf fieisnt to ~*| 
aaintain ths voltage at ths output tsrainal 332 at 
substantially this saas valus during ths reaalader.of thi 
a.c. eyels when Tj is on and hsnes ths power PIT is off.. 

10 Thus, ssttlng lsln(2tft 1 ) substantially squal to 1*20 in £ 
equation (1), it follows thst iR 1 is squal to (V T *e). f] 
. in an illustrative case, ths currant 1 supplisd by ths lc 
T 4 is squal to about 3 ailllaaps, and ths threshold V T -^j 
of switching transistor T 2 is squal to about 2.3 volts/ 

IS so that if ft) is sat squal to about. 800 ohaa, than * is 
about 0.1 volt. 

accordingly, ths coaparator 303 acts as 
an ordinary coaparator which delivers a high lsvsl output^! 
(a vol tags squal to approxiaataly 28 above ths ^ 

20 instantaneous a.c. input) whan ths input d Isrox > _2 
delivered to one of its input tsrainals (311) sscssds tjrfffl 
input (I) dsiivsred to another of its input tsrainals (3 3| 
lsss ths prescribed aaount s, and which dslivsrs a low 
Isvsl output (essentially squal to ths instantaneous s.o 

2S input) otbsrvlss. Xn other words, ths coaparator 303 
includes s lsvsl shifting property at its negative input 
tsrainal 312, to wit, a voltage level down-shift of e 
This down-shift property is thus incorporated in the 
coaparator 203 of fXO. 2 as ths vol tags lsvsl shifter^ 20« 

30 Xn any event, this level shiftsr 204 should be selccted~t$ 
down-shift ths voltags applied to the input terainal 212 
the coaparator 203 by a (saall) prescribed Mount, such J*j 
thst ths coaparator 203 dslivsrs its high lsvsl output at^ 
its output tsrainal 215 to the gate electrode terainal 22T1 

35 of the power FBT 201 when and only when the input vol tag 
to the input terainal 211 of the coaparator 203 esceeds t£i 
psak of ths a.c. input voltags dsiivsred st the circuit 
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Input terminal 231 less the (nail) prescribed mount 9. 
Typically the prescribed amount is about 0.1 volt for a 
5 volt pea* t of an a.c. input voltage applied at the 
circuit input terminal 231. 
S Xt should be noted that even though the approach 

of « 1WDT to its peak B is relatively slow in time 
because of its approach to a mamimum, nevertheless the 
turning off of the switching transistor T 2 , as 
*imm rttcht * B 1#M **• ^•■ crib ^ **ount 0, 

10 is a well-defined sudden process. The suddenness of the 
process results frosi the well-defined threshold of 
transistor ? 2 . - Thus the transistor T 2 advantageously 
has a relatively sharp threshold, that Is, the source-drain 
impedance of T 2 has a relatively steep characteristic es 

IS plotted against its gate- to- source voltage. 

Xt should be recognised that the rectifier circuit 
arrangement* 200 and 300 ere half-wave rectifiers and that, 
for full-wave rectification, and hence still smoother 

•ooTPOT' * P* lr of " ch of *° ch circults be 
20 connected in a conventional full-wave rectifier 

configuration. 

Although the invention has been described in 

detail in tens of a specific embodiment, various 

modifications can be made. 

25 For example, instead of the power rST, other 

switching transistors with suitable power handling 
capability and suitable threshold can be used. Moreover, 
Instead of a voltage doublet (0 1 , 0 2 , C 1 , C 2 ), a 
voltage trlpler or other source can be used. Finally, 

30 instead of a level down- shifter at the negative input 
terminal of the comparator, a level up-shifter at its 
positive input terminal can be used. 
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Claims ' • — -H 

1 « a ractifiar circuit including a povar 
transistor davica (201) having s first high eurrsnt l\ 
carrying tarminal (223) aarying as a ractifiar circuit .» 
5 output tarminal, a sacond high currant carrying tarminal 2 
(222) sarving as a ractifiar circuit input tarminal, and a! 
control tarminal for turning tha tranaistor davica on and ^ 
off, and cbaractarisad by a comparator (203) having first"; 
and sacond input tarminala (211, 212) connactsd to tha 

10 ractifiar circuit input and output tarminala rsspsctlvaly : 
for applying * control signal to tha control tarminal of y 
tha powar transistor davica to turn tha davica on whan that 
voltaga at tha circuit input tarminal axcaads tha voltaga ^ 
at tha circuit output tarminal laas a praacribad amount* 

IS 2. A circuit as claimad in claim 1 cbaractarisad^ 

in that tha comparator includas laval shifting ma an a (204) v 
for shifting tha voltaga laval appliad to ona of tha 4 
comparator input tarminala by tha pcaaacrlbad amount. - 

3. A circuit as claimad in claim 2 charactarlxad 
20 in that tha laval ahif ting ma ana sarvas to down-ahift tha £ 

voltaga laval appliad to tha sacond comparator input ~r| 
tarminal. • -■'r-'rrzJto 

4. A circuit as claimad in claim 2 charactarlsa#! 
by a voltaga multipllar (D,, Dj, C, , Cj) oonnactad 

25 batvasn tha circuit input tarminal and a powar supply ? 
tarminal (21 4) of tha comparator. "* 
3. A circuit as claimad in plaim 4 charactarlsad_ 
in that tha multlpllar lncludaa a flrat capacitor (C t ), ~ 
and flrat unldlractionally conduct iva maana (D 1 ) 

30 connactad batvaan tha circuit input tarminal and a flrat 
tarminal of tha flrat capacitor. 

I. A circuit aa claimad in claim 3 charactarisa' 
in that tha flrat tarminal of tha flrat capacitor is 
connactad to tha circuit output tarminal (232). 

35 7. A circuit aa claimad in claim 6 cbaractarisad 

by a sacond capacitor (C 2 ) connactad batvaan tha circuit 
input tarminal and tha comparator povar aupply. tarminal* 
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and eecond unidirectional ly conductive aeane (0 2 ) 
connected between the circuit output terminal and the 
comparator power eupply ternlnal. 

0* A circuit ae claimed in any preceding claim 
S characterised in that the tranalstor device la a power 
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D£, A, 2801684 (H. FISCHER) 19 July 1979 
in page 6, line 21 - page 7, line 
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US, A, 3354380 (S. PLY It al.) 21 
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aaa colunn 2, llna 71 - column 3, 
Una 22 



1,8 



1*1 

— ■ 
1* t»«f 



■t »» 



m mm n ini l nmm 1m mm ^ m 



firs? s? 



■MM* < 



rtftol 



29th October 1984 




MM* 


EUROPEAN PATENT OFFICE 







1W) 



ANNEX TO Tht INTERNATIONAL SEARCH REPORT ON 



INTERNATIONAL APPLICATION NO. 



PCT/US 84/OW ISA 7733) 



This Annax lists tha patsnt faaily mambara r slating to tha 
patant docuaants citad in ths abova-aantionad intarnational 
ssarch raport. Ths maabars ara as containad la tha Europaan 
Patant Of flea EDP fila on 09/11/84 

Tha Europaan Patant Offlca is in no way llabla for thasa 
particulars which ara aaraly givan for tha purpoaa of 

information. 



Patant docuaant 
cltad in saarch 
raport 



DE*A- 2801684 
US* A- 3354380 



Publication 
data 



19/07/79 



Patant family 
aaabar(s) 



Publicatf 
data -t 



Nona 
Nona 



for mora data! Is about this annex t 

saa Official Journal of tha Europaan Patant Offica, No. 



12/82 



